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Abstract: Textile collection is a challenging task for all stakeholders in this environment. It is organized 
in different ways, there are the commercial and municipal collections and charity organizations. The 
collection of used textiles is the beginning of textile recycling and therefore decisive for all further 
processes. The aim of the sorting analysis of used textiles is to generate data for high-quality collected 
goods in order to ultimately provide them with the highest possible utilization methods. Influencing 
challenges like moisture or impurities have a significant negative impact on the collection qualities. In 
order to price drops of used garments also the economical aspect should be considered to ensure the 
cost-covering collection. As the high-quality textile collection is hindered by various factors, this paper 
deals with the challenges of textile collection, and describes and analyses the inherent logistics 
processes as an essential part of a textile Circular Economy. Only with additional data it is possible to 
improve the logistics processes in textile collection and recycling, which in turn has a positive effect on 





Around six million tons of textiles were 
consumed in the European Union (EU). Around 
a quarter to a half of this is disposed of in 
residual waste. This implies a great potential of 
untapped raw materials for recovery, including 
post-industrial waste (WRAP, 2017). 
Whereas in the past the motivation for textile 
collection was mostly socially or economically 
driven, the Waste Framework Directive of the 
EU requires a separated waste collection for 
textiles for the first time (deadline for 
implementation: 1 January, 2025) (Directive 
(EU) 2018/851, 2018). The aim of the directive 
is the careful use of resources as well as the 
protection of society and the environment with 
regard to the handling and generation of waste. 
This includes the efficient use of resources and 
the associated promotion of a circular 
economy. According to § 3 (KrWG, 2020), the 
German reaction on Directive (EU) 2018/851, 
used textiles are defined as waste, as soon as 
they are disposed of in collection systems, 
followed by appropriate recycling or disposal. 
To date, there has been a lack of a profound 
data basis both for the associated logistics 
processes and for improving the quality of the 
used textiles collected. 
For this reason, a sorting analysis of used 
textiles was carried out together with the 
municipal waste disposal service provider  
Stadtreinigung Hamburg. The analysis provides 
results on the quality, the way of utilisation and 
the material composition and thus provides 
important data for subsequent recycling 
processes. 
 
State of the Art 
 
As legal basis the directive (EU) 2018/851 on 
waste of the European Parliament and of the 
Council was approved in 2018. The revised 
directive set specific deadlines for achieving 
recycling targets. From 2025 onwards, at least 
55% of municipal waste should be recycled. 
This also includes used textiles. A recycling rate 
of at least 60% is set for 2030 and at least 65% 
for 2035. In Germany around 67% of municipal 
waste were recycled in 2019, compared to 
Romania with a rate of 11,5%. The European 
average is around 48% (Eurostat, 2021). The 
recycling quota takes into account recovery 
methods such as preparation for reuse and 
material recycling. Thermal recovery and 
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landfill are not included in the recycling rate. In 
the area of used textiles, Germany has a 
recycling rate (according to RL (EU) 2018/851) 
of over 90% of collected goods. In addition, the 
EU directive includes the obligation to collect 
textiles separately from January 1, 2025. Old 
textiles account for around 4% of municipal 
waste in Germany (BMU, 2020). Despite 
various collection systems for used textiles, 
almost 18% of used textiles in Germany are 
disposed of as residual waste (UBA, 2019). 
According to the EU directive, the landfill quota 
for municipal waste may not exceed 10% from 
2035. 
Within the meaning of extended producer 
responsibility § 26 KrWG (German Act) 
explains the voluntary collection of waste more 
detailed. This also includes, for example, the 
"Garment Collecting Program" from H&M. 
Under the title of the program H&M takes back 
old clothes since 2013 and allocates vouchers 
to the customers in return. The conditions for 
extended producer responsibility with regard to 
voluntary take-back are guaranteed if the waste 
taken back comes from the manufacturer or 
distributor himself, if it is recycled in an 
environmentally friendly manner and if the 
waste is taken back to encourage circularity. 
 
Challenges of used textiles 
 
The decline in the trading value (US$) in the 
foreign trade of used textiles is, among other 
factors, to be justified with the development of 
the industry’s fast pace, the changing fashion 
trends and the orientation of manufacturing 
processes for getting simpler, cheaper and 
more functional implementations (Schmidt & 
von Wedel-Parlow, 2019). The falling prices of 
clothing items have a negative impact on their 
quality. Due to the inferior quality of the 
products and constantly changing fashion 
trends, the useful lifetime of textiles decreases. 
Over the past 15 years, the average usage time 
for clothing has decreased by 36% worldwide 
(Ellen MacArthur Foundation, 2017). 
These consequences also serve as the basis 
for an explanation of the negative development 
in quality of the used textiles industry since 
2013, although the quantities are increasing. 
Recyclers of used textiles suffer from the quality 
problem of previously described trends. The 
collected goods are often outworn or damaged 
more quickly. Accordingly, old textiles of inferior 
quality can no longer be processed or recycled 
to a high quality. The proportion of wearable 
second-hand clothing is shrinking. As a result, 
a large part of the collected goods can only be 
fed into recycling processes or energy recovery 
(bvse, 2019). 
Also textile recycling methods are affected by 
these trends. The amount of textiles for 
recycling increases due to the growing clothing 
consumption. Not only the increasing amount of 
collected goods, but also the use of mixed fibers 
provide challenges for textile recycling. On the 
one hand, sufficient capacities for the collection 
and recycling of used textiles must be created 
and, on the other hand, possible solutions for 
the efficient recycling of used textiles must be 
researched. A high level of fiber purity is 
important for high-quality recycling and a 
corresponding further reuse. This is also 
affected by the increased use of fiber blends to 
combine different properties and lower the 
price. The material compositions of used 
textiles are often only roughly known, therefore 
a sorting analysis of used textiles was set to 
generate missing data as an input for recycling 
processes. In this context the analysis carried 
out provides information about the material 
composition of the used textiles examined. 
Starting with the used textiles collection, a high-
quality collection must be guaranteed in order 
to carry out high-quality recycling. Used textiles 
collectors complain about poor collection 
qualities, due to different weather conditions 
and contamination (e. g. moisture and mold). 
Missing protective covers and incorrect throws 
are also causes of contamination or damage. 
The proportion of non-textile waste in collected 
goods has increased in recent years and is 
about 5%. These influences cause quality 
losses of goods during the collection process 
and hinder high-quality recycling. "In the end it 
costs more to collect than it brings in revenue." 
(Henkel, 2019) 
The base of the textile recycling is the sorting. 
There is a challenge of identifying the material 
composition of the collected goods. Different 
fiber types require different recycling methods.  
Accordingly, various detection technologies 
(e.g. RFID) for the automatic sorting of 
collected goods are being discussed in science 
and practice. Only a few blended fabrics are 
recycled. “The reason for this is that the 
composites cannot be technologically 
separated or a separation is not economical in 
order to feed the composite components into 
the recycling process by type.” (Pelzer 2018) 
For this reason several research projects are 
currently being worked on.  
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The common methods for textile collection used 
in Europe are municipal waste collection, 
collection containers, kerbside collection, 
collection through mail back options, retailer 
and charity-shop drop-offs and home pick-ups 
(Ellen MacArthur Foundation, 2017). 
Additionally, the multi-apartment container 
collection is considered as a special form of the 
container collection. These collection variants 
find different degrees of coverage in the EU 
states, but all have in common that logistics 
systems play an important key role in efficiently 
closing cycles and thus enabling circular and 
sustainable supply chains (Fennemann et al., 
2018). The most common way of textile 
collection in Europe is the container collection. 
This is implemented for example in Germany, 
Belgium, Sweden, France, Denmark, Italy and 
the Netherlands. The advantage of this 
collection method is the generation of high 
quantities in collection, whereas the logistical 
challenge is the routing with frequent pick-ups 
for the numerous and widespread places. This 
also includes high transport costs, relative to 
the collection quantity per container. 
Nevertheless, municipal service providers for 
waste management take back their containers 
for old textile collection due to bad collection 
results and are searching for new solutions 
(Beushausen, 2020; EUWID, 2020). While 
disposal logistics with level monitoring and tour 
planning is state of the art mostly. Innovative 
approaches combining level sensors and throw 
in restrictions are missing. 
 
Collection quantities and qualities 
 
The German used textiles collection covers 
about 75% of consumed clothes in Germany 
(Watson et al, 2018). Whereas the container 
collection accounts for 88%, kerbside take 
about 9% (2013). The actual trend for container 
collection is going down due to poor collection 
quality. In a European comparison Germany 
takes the position as a pioneer with the highest 
collection rate. Followed by Denmark (44%), 
the Netherlands (37%) and France (36%). 
Further data were also collated for the United 
Kingdom (31%), Sweden (19%) and Italy 
(11%). Some places in Europe have not yet 
integrated separate waste collection or focus on 
the reporting, as in northern cities of Italy 
(Watson et al, 2018).  
Due to the new directive on waste and the 
associated obligation to collect used textiles 
separately, stronger competition on the 
international used textiles market is to be 
expected. Figure 1 shows the development of 
used textiles exports from the largest exporters 
in the European Union from 2016 to 2019. As 
can be seen, the trade value (in US$) shows a 
tendency towards a negative development, 
although the quantities of exported used textiles 
are increasing. For example, the export volume 
(in kg) in Germany increased by almost 4% 
between 2017 and 2019 (2019: 533 kt), while 
the trade value (in US$) fell by almost 8% in the 
same period. It should also be taken into 
account that the used textiles of the respective 
exporters are handled differently. The UK had a 
trade value per kg of 1.37 US$ in 2018, followed 
by the Netherlands (1.18 US$/ kg) and Poland 
(1.08 US$/ kg). Although Germany has a 
comparably high trade volume by netweight, 
the retail value per kg is 0.82 US$/ kg. This 
means that Germany’s export volume (in kg) 
exceeded that of the UK, but generated less 
trade value. Another interesting development 
can be seen in Poland. Poland’s export 
volumes and trade values have increased 
continuously since 2016 (United Nations 
Publications Board, 2020). 
 
 
Figure 1. Exports of Used Textiles 2016-2019 
(Data from United Nations Publications Board, 
2020). 
 
To date, there has been a lack of a profound 
data basis for both, the associated logistics 
processes and for improving the quality of the 
used textiles collected. 
Although textile collection will become 
obligatory, it is not done by just collecting 
textiles separately. For an adequate textile 
collection it is necessary to have information 
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composition, quantities, way of utilisation) of 
used textiles to ensure the highest possible 
utilisation. Overarching, general conditions are 
missing. Therefore, the sorting analysis of used 
textiles provides reference data for future 
implementations of a textile Circular Economy 
approach, including both sample processes for 
improved information-based logistics, as well 
as specific technical logistics solutions for e. g. 
the reduction of missed throws related to public 
container collection. 
 
Sorting Analysis for Used Textiles  
 
The sorting analysis of used textiles represents 
a data collection on the used textiles collected 
by the Stadtreinigung Hamburg. For this 
purpose, the mass proportions of possible 
utilisation routes of the used textiles with regard 
to quality and selected textile fiber material 
groups were determined. In order to ensure the 
comparability of the results, criteria for quality 
assessment (reuse/ recycling) were defined. 
Measurable quality features for textile products 
were used for this. In the context of the 
assessment of the material compositions, the 
material fractions cotton (> 95%), natural fibers, 
mixed fibers, polyester (> 95%), synthetic fibers 
and leather and leather/ fur were used. It must 
be taken into account that no trim, linings or 





During the sorting analysis a total of 15 m³ 
equivalent to 1.968 kg of old textiles collected 
on a recycling yard were sorted. According to 
the weight percentage, 70% of the sorted 
textiles are assigned to the sorting group 
Reuse and 26% are assigned to Recycling. The 
weight percentage of the missed throws and the 
plastic bags that were used to pack the textiles 
account for 4% in total (Figure 2). 
 
 
Figure 2. Treatment routes for sorted textiles. 
 
In the following material evaluation (Figure 3), 
the sorting fractions of 386 kg shoes, plush and 
soft toys, textile accessories, missed throws 
and bags are not considered, as no assignment 
in the defined materials groups is possible. The 
evaluation now considers a total of 1.582 kg of 
clothing and home textiles. Clothing dominates 
with 1.290 kg (82%) and home textiles account 
for 292 kg (18%). The dominant material 
fractions are cotton with 668 kg (42%) and 
mixed fibers with 480 kg (30%). The total of the 
analysed clothing consists of nearly similar 
portions cotton (39%) and mixed fibers (32%). 
The portion of cotton clothing in the category 
“Reuse” is similar to the portion in the category 
“Recycling” (39%). The portions of mixed fibers 
clothing in the category “Reuse” is less (32%) 
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For the general classification of the results, it is 
pointed out that the used textiles examined are 
goods from recycling yard. It is assumed that 
there is a tendency for more goods to be found 
in the main category of »reuse« than, for 
example, for goods that are collected in depot 
containers in public spaces. The result of the 
analysis of 70% reuse is basically to be 
regarded as positive, since it initiates good 
reuse possibilities. In this context, it must be 
taken into account that these goods also end up 
being recycled after further use. In addition, it is 
to be expected that the total collection volume 
in the EU will increase due to the separate 
collection obligation for used textiles. It remains 
to be seen how the relationship between supply 
and demand will develop. In addition, collection 
volumes and recycling capacities must be 
compared. Nevertheless, a later recycling of the 
export goods abroad must also be ensured. 
 
Suggestions for future textile 
collection systems 
 
There is no doubt that further research on 
improved recycling technologies is necessary 
but in parallel it is also important to improve and 
scale up the processes of collection and 
sorting. In this context, it is recommended to 
distribute the efforts for sorting for a more 
effective and efficient sorting processes by 
using the professional sorting capacities 
sparingly. This could be realized in a first step 
with a consumer presorting of textiles taking 
specific material or other characteristics into 
account depending on the subsequent 
recycling processes. The requirements for an 
effective presorting are: 
- Easy-to-use: A low-threshold use must 
be possible to ensure a high utilization 
- Clarity: To avoid the routing of textiles 
on wrong or not desirable routes clear 
additional guidance and education 
should be given 
- Incentives: Support the separate 
collection with bonuses for other 
municipal or sustainable services. 
Further developments could focus on digitally 
based throw-in restrictions, e. g. for textile 
waste containers, to measure quantities, to 
manage the bonuses and to ensure good 
presorting results. Overarching improved 
information for logistics and transparency will 
enable the processes and contribute to 




With the sorting analysis of used textiles the 
paper provides reference data for future 
implementations of a textile Circular Economy 
approach, and guides actors in the textile sector 
by implementing a Circular Economy, including 
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information-based logistics, as well as specific 
technical logistics solutions. Further research 
should focus on adequate data in textile value 
chains and developing a comprehensive set of 
tools and indicators for a deeper analysis and 
optimisation to verify its practicability for a 




Many thanks to the Stadtreinigung Hamburg for 
the cooperation, which serves as the basis for 
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